Objective: To analyze if there is influence of body weight, body mass index (BMI), body composition, dyspnoea, grip strength and tolerance to exertion in the occurrence of exacerbation during a 12-month follow up of patients with COPD who underwent a physical training program. Material and methods: Sixty three patients were distributed in two groups, (Exacerbation Group -EG, n = 29; Non-Exacerbated Group -NEG, n = 34). The Mann Whitney test was used for the comparison between groups, the Friedman test Marino DM, Marrara KT, Arcuri JF, Candolo C, Jamami M, Pires Di Lorenzo VA. 278 (post hoc Dunn) to compare the assessments and the logistic regression analysis, with a significance level of p < 0.05. Results: There is a significant difference between the groups in age and walked distance (WD) in the six minute walk test (6MWT). The WD was reduced in 6 th , 9 th and 12 th month revaluation compared to baseline and 3 months for the EG. Logistic regression analysis showed a significant interaction between the lean body mass and the WD, BMI with the lean body mass and the BMI with the WD, this and the isolated dyspnoea, and lean body mass with body weight. Conclusion: Involving several variables along the follow up of patients with COPD in physical therapy programs is important, since it may prevent or reduce the chance of the occurrence of exacerbations. In addition, older patients with less tolerance to physical activity had a higher number of episodes of exacerbation, even when participating in a physiotherapy program associated to exercise training. [P] Keywords: Exercise therapy. Physical therapy modalities. COPD. 
Introduction
Exacerbation is defined as an acute increase in respiratory symptoms, which exceed the usual daily variation and lead to a change in the regular medication, characterizing an exacerbation of the chronic obstructive pulmonary disease (COPD) (1) . An exacerbation is a natural event on the COPD history (2), associated with a worsening in dyspnoea (3) , which implies in impaired exercise capacity, reducing not only physical activities but also quality of life and life expectancy (4, 5, 6) .
The reduction in physical activities is related to a higher probability of a new exacerbation episode, hospitalization and mortality (7, 8) . Therefore, a relevant strategy in the treatment of patients with COPD is their inclusion in an exercise program, since they improve their overall health and functional capacity. Furthermore, those programs may reduce the frequency of hospitalizations (9) .
According to Vilaró et al. (10) and Wehrmeister et al. (11) , several researches have studied the relationship between the exacerbation risk factors and the number and duration of hospitalizations in patients with COPD. Nevertheless, there is a lack of studies with a longitudinal 12-month follow up of patient's functional capacity and its influence on exacerbations in ambulatory patients, who are participating in exercise programs, which justifies the present study.
The hypothesis of the present study is the existence of an association between dyspnoea, handgrip force and exercise tolerance and a reduced number of exacerbations during a 12-month follow up, since patients were included in an exercise training program associated with respiratory physiotherapy.
Therefore, the aim of the present study was to analyse if weight, body-mass index, body composition, dyspnoea, handgrip force and the exercise tolerance influence the occurrence of exacerbations during a 12-month follow-up in patients with COPD undergoing a exercise training program.
The research question was: Which variables are associated with exacerbation episodes in patients with COPD, compared with those who did not exacerbated, included in an exercise training program associated with respiratory physiotherapy?
Materials and methods
The present study was a prospective longitudinal study, which enrolled patients with clinical diagnosis of COPD. The period of the study was from January 2010 to September 2011, and each patient was followed during 12 months in which they underwent a physiotherapy program. All patients were assessed, and reassessed after three, six, nine and 12 months.
This study was conducted in the Respiratory Physiotherapy Special Unity and in the Health-School Unity of the institution, where 51 patients (men and women) with clinical diagnosis of COPD (GOLD stages II and III) (1) were assessed.
At the end of the 12-month follow up, the included patients were distributed in two groups, according to the presence of exacerbations (Exacerbated Group -EG) or not (Non-Exacerbated Group -NEG). This distribution was realized to analyse the variables in both groups during the follow up, and there was no difference in the physiotherapy treatment each group received; moreover, even after an exacerbation episode, the patients resumed the physiotherapy treatment.
The inclusion criteria were men or women with clinical diagnosis of COPD, with a forced expiratory volume in the first second (FEV 1 ) and forced vital capacity (FVC) ratio (FEV 1 /FVC) < 70% and with moderate to severe obstruction (1); former smokers; clinically stable in the moment of the initial contact, and participation in no more than three months in the physiotherapy program.
The exclusion criteria were patients with pulmonary infections in the first assessment and other comorbidities such as heart, rheumatic and orthopaedic diseases that could prevent the conduction of one of the assessments due to exercise limitation.
The study was approved by the Ethics Committee of the Institution (432/2008) and patients signed a consent form, in order to comply with the 196/96 resolution of the Brazilian National Health Council.
Experimental procedures
All patients underwent to following assessments: Anthropometric and demographic data collection, fatfree mass (FFM) by a body composition analysis, airway obstruction using FEV 1 , dyspnoea using the modified Medical Research Council scale (mMRC), handgrip force and exercise tolerance using the walked distance (WD) in a six-minute walk test (6MWT).
The assessments were performed in five moments (each three months); however, prior to the first assessment, there was an initial contact during a physiotherapy session in one of the locations where the study was conducted, and during this contact the patient was invited to participate after an explanation regarding the aims of the study.
The included patients were participating in a physiotherapy program, consisting in an aerobic physical training in treadmill or stationary bicycle, with duration of at least 20 minutes, and an intensity defined as 80% of the maximum speed and inclination reached in a prior symptom-limited cardiopulmonary test (CPT). The intensity was constantly adjusted to maintain the dyspnoea in values of 4-6 in the Borg Scale (0-10), but always under the 85% of the predicted maximum heart rate. Furthermore, the program also included respiratory, upper and lower limbs exercises, and neck, back and limbs stretching (1) . Manoeuvres to promote clearance of respiratory secretions were performed only when patients required.
Exacerbation
Exacerbations were carefully assessed in the present study, according to the appearance or worsening of two or more signs and symptoms (dyspnoea, purulent mucous, increase in mucous volume, cough and wheezing) for more than two consecutive days.
GOLD criteria as stage II (50% ≤ FEV 1 < 80% of the predicted value) and stage III (30% ≤ FEV 1 < 50% of the predicted value) (1).
Handgrip force
The assessment of handgrip force was realized in the dominant upper limb, using a dynamometer Jamar ™ (Jackson, MI 49203 USA), in kilograms-force (kgf) (14) , adjusted in the second position. The patients were seated and they were instructed to maintain the elbow in 90º of flexion, the forearm and fist in neutral position, following the standardization of the American Society of Hand Therapists (ASHT).
Patients realized three maximum voluntary contractions, with a 30 seconds rest period between them. To the analysis, the mean value was used, and a maximum of 5% of difference among the contractions was considered reliable.
Exercise tolerance
The exercise tolerance was assessed by the WD of the 6MWT. This test was realized in a 30-meters length corridor, according to the standardization of the ATS (15) . The WD was recorded in meters and compared with predicted values, calculated using the Formula: Predicted WD m = 622.461 -(1.846 x age years ) + (61.503 x Gender men = 1, women = 0 ) (16) .
Statistical analysis
The results of the present study were expressed in median and inter-quartile range, presented in tables. For the comparison between groups and the five assessments, the applicative GraphPad InStat for Windows was used. Data distribution verification was performed using the Shapiro-Wilk test. MannWhitney test was carried out to compare both groups, and Friedman test was used to compare all five assessments, using the Post-hoc of Dunn, considering a significance level of p < 0.05.
Moreover, a logistic regression analysis was carried out (17) using the statistical software R and SAS 9.3 (SAS/STAT, Version 9.3 of SAS System for Windows); and presented in estimated odds ratio and its 95% confidence interval.
Furthermore, an exacerbation was also characterized as a sustained worsening of the health condition of the patients that demanded a non-scheduled visit to a health service, such as emergency services, primary care facilities or the responsible pneumologist. The number of exacerbations was identified in each reassessment that occurred in the third, sixth, ninth and twelfth month after the baseline assessment.
Anthropometric data
The measurements of weight and height were assessed using a scale (Welmy ™ , model 110FF, São Paulo -SP, Brazil) and patients were instructed to stand over the scale, without their shoes and using light clothes, which allowed the calculation of the body mass index (BMI), according to Willett (12) .
Body composition
The body composition analysis was carried out using a bioimpedance analyser and FFM was obtained (Ironman, Tanita ™ ). All patients were instructed to do not eat or drink for a period of 3 hours prior to the analysis, and the patient stood over the scale with light clothes, no shoes, and with its feet aligned with the electrodes; following the instructions of the manufacturer.
Dyspnoea
The assessment of the dyspnoea was conducted using the mMRC scale (13) . This scale is based in the difficulty of each activity that could lead to dyspnoea. It varies from "0" (the individual is not disturbed with breathlessness, unless when practicing vigorous exercise) to "4" (the individual presents breathlessness while leaving home or changing clothes). The scale was applied as an interview by the assessor.
Pulmonary function
The pre and post-bronchodilators pulmonary function test was realized to assess the severity of the obstruction, considering the FEV 1 /FVC < 70% and FEV 1 , classifying the patients according to the The logistic regression model was adjusted using the variables: weight, BMI, FFM, dyspnoea, handgrip force, WD in the 6MWT; and for each moment of assessment the best model was selected. To the best model, the odds ratio were calculated using the minimum, first quartile, median, mean, third quartile and maximum value for each variable. Nevertheless, the presentation of these values was determined according to the significance of the obtained results of the corresponding variable in each moment of assessment in the study.
Results
A total of 63 patients (four women) met the inclusion criteria and based in the occurrence or not of an exacerbation after the period of the 12-month follow up, two groups were formed, the exacerbation group (EG, n = 29) and non-exacerbated group (NEG, n = 34). All patients received the same treatment, and they were separated only for the analysis of the data from this study (Figure 1) . Figure 1 displays the number of patients that exacerbated in each period of assessment throughout the 12-month follow-up, the patients who were hospitalized and the number of patients who dropped out the study.
Regarding the occurrence of exacerbations, all patients from EG presented two or more episodes throughout the 12-month follow up, which mostly were characterized as an increase of the dyspnoea with the need of a visit in a health service. However, some patients required a hospitalization due to the exacerbation in this period (Figure 1) . Table 1 displays the variables regarding the anthropometric, spirometric, body composition analysis, as well as the dyspnoea, handgrip force and WD in the 6MWT for both groups. A significant intergroup difference was found for age (p = 0.02) and WD in the 6MWT (p = 0.04). Table 2 shows the variables weight, BMI, FFM, dyspnoea, handgrip force, WD in the 6MWT in the 12-month follow up of EG and NEG, which demonstrate statistical difference for the 6MWT, which was reduced in the 6 th , 9 th and 12 th months reassessment, compared to the baseline and third month assessment in the EG.
Regarding the logistic regression analysis, there was a significant interaction between the FFM and the WD in the 6MWT in the probability of an exacerbation in the follow-up period. Depending on which level FFM is (minimum, first quartile, median and third quartile) there is a change of the WD power of exacerbation prediction (Table 3) . Therefore, in a patient with a FFM of 37.9 kg, each one unit increase in the WD on the 6MWT may reduce in 7% the exacerbation chance. Nevertheless, in a patient with a FFM of 41.2 kg, each one unit increase in the WD on the 6MWT may reduce in 5% the chance of an exacerbation. A patient with a higher value of FFM, such as 46.2 or 45.9, has a smaller influence of the WD to predict an exacerbation, an increase in one unit in the WD may reduce only 3% the chance of an exacerbation.
Depending on each level of WD in the 6MWT (minimum, first quartile, mean), there is a change on the influence of the FFM to predict an exacerbation. In patients with a WD of 242m, the chance of exacerbation is reduced in 72% with a one unit change of the FFM, while in a patient with a WD of 338 m or 426 m, the chance is reduced in 52% and 21%, respectively (Table 3) .
Considering the reassessment after 3 months of the baseline, a significant interaction was found between the BMI with the FFM, as well as between the BMI with the WD in the 6MWT (Table 3 ). The presented values are the first quartile, mean and third quartile. In a patient with a BMI of 23.6 kg/m² (third quartile), an increase in one unit of the FFM led to a 60% reduction in the chance of an exacerbation and a one unit increase in the WD led to a 11% reduction. However, the prediction power of the WD is reduced when the BMI is lower, as an example, when the patients presents a BMI of 23.6 (mean), the chance of an exacerbation is reduced in 6% with a one unit increase in the WD.
The results presented in Table 4 also demonstrated the interaction between the BMI with the FFM and the WD in the 6MWT. In a patient with a FFM of 43.3 kg (first quartile) and a WD of 507 m (third quartile), the chance of an exacerbation is reduced in 88% when the BMI is one unit higher. With a FFM of 45.8 (mean) and a WD of 434 (mean) the chance is reduced in 83% and when increasing the WD to 507 m, the same reduction in the BMI led to a 96% of reduction in this chance. If the patient presents a FFM of 49.4 kg (third quartile) and a WD of 354 (first quartile), the chance of an exacerbation is reduced in 81%, but if the patient has a higher WD, such as 434 m, the chance is reduce in 96%, in each one unit increase in the BMI.
The reassessment six months after the baseline presented a significant prediction power of the WD in the 6MWT, but without interactions. Consequently, when the WD is one unit higher, there is a reduction of 2% in the chance of exacerbation. Moreover, there was a significant interaction between the FFM and the weight (Table 4) . In a patient with a FFM of 48.6 kg (third quartile), each increase of one unit in the weight led to a reduction of 30% in the chance of an exacerbation. Nevertheless, if the patient presents a FFM of 54.9 kg (maximum), this chance is reduced in 57% (Table 4) .
Considering the reassessment nine months after the baseline, a significant influence on the number of exacerbations was observed for the WD in the 6MWT and also for the dyspnoea, measured by the mMRC. The chance of a patient to exacerbate is reduced in 2% each increase of one unit in the WD and in 92% each increase in one unit of the mMRC (Table 4) . Table 3 -Interaction of the walked distance in the 6MWT with the FFM presented in estimated odds ratio and its 95% confidence interval in the assessment and interaction of the body mass index with the fat-free mass, as well as the walked distance in the 6MWT after a three-month follow-up 
Study relevance
The present study contributes with the understanding of the behaviour of the exercise tolerance over a long-term follow up and its influence in exacerbation episodes in patients with COPD who are undergoing an exercise training of moderate intensity and high frequency. These characteristics pointed out the finding that older patients and with lower functional capacity were the ones who exacerbated, which led to a reduction in the exercise capacity throughout the months, even when included in a physiotherapy treatment associated with a aerobic training.
Other relevant finding is that the chance of exacerbation may be influenced by the interaction between the FFM and weight or BMI, and also by the interaction between BMI with the WD in the 6MWT. In addition, some isolated variables, such as WD in the 6MWT and the dyspnoea, influence the chance of an exacerbation in patients with COPD stages II and III.
Older age and low FEV 1 are some factors related to the occurrence of exacerbation episodes (18, 19) , The reassessment after twelve months led to data without any conclusive results, probably due to the small amount of data in this period.
Discussion

Main fi ndings
The present study demonstrated as its main finding that there is an interaction of some variables, which may determinate the chance of the occurrence of an exacerbation in patients with COPD (stages II and III), in a twelve-month follow up. Furthermore, the exercise tolerance was reduced throughout the 12-month follow up in the EG. Moreover the patients from the exacerbation group presented older age and less exercise tolerance.
Nevertheless, the body composition, dyspnoea and handgrip were similar during all reassessments for both groups, as well as the exercise tolerance on the NEG. However, some patients who were undergoing the exercise training program still presented exacerbations, but it is important to highlight the fact that these patients maintained a similar body composition, dyspnoea and handgrip force during the period of the study. Moreover, the majority of the exacerbation episodes occurred during the winter months (May, June and July), when the temperature and air humidity are altered and contributes to the occurrence of an exacerbation.
According to Spencer et al. (29) , respiratory rehabilitation programs including exercise training for at least eight weeks may show benefits in the exercise capacity, reduction of dyspnoea and health care visits, which may be maintained for 12 months if the patient realize the exercises at home, five times a week.
Nevertheless, his study has some limitations, such as being conducted in a single health centre, and enrolling a convenience sample. Moreover, there was a small amount of data after 12 months of follow up, which prevented some analysis in this period. However, the results of the present study presented that older patients with COPD and with more exercise intolerance need to receive more attention regarding the strategies of the supervised physiotherapy treatment and the weekly training frequency. As a result, a better control of the occurrence of exacerbations is expected, since these patients receive pharmacological treatment by the pneumologist.
Conclusion
According to the obtained results, it is important to encompass several variables in the assessment of patients with COPD who are undergoing a physiotherapy program in an attempt to prevent the occurrence of exacerbations or reduce their chance. This may be possible due to the interaction between the variables. In addition, the frequent reassessment of the exercise tolerance and dyspnoea is necessary, which are also related to the occurrence of episodes of exacerbation.
Furthermore, non-exacerbated patients presented maintenance of the exercise tolerance level during the period of the study, and older patients with lower exercise capacity presented more exacerbation episodes, leading to a more sever impairment of their functional capacity. This may cause a higher risk of complications, even when they are and in the present study, patients included in the EG were older, however they presented similar FEV 1 when compared to the NEG.
Exacerbation Episodes, functional capacity and physiotherapy treatment associated with aerobic training Soler-Cataluña et al. (20) assessed the impact of an exacerbation on mortality in COPD patients, and they observed that patients who needed a hospitalization due to an exacerbation has worse prognosis. This suggests that intensity, alongside the frequency, also plays a role in the consequences of an exacerbation. In the present study, six patients needed hospitalization over the period of 12 months, and some of them were hospitalized more than once.
Pamplona and Morais (21) pointed out that in the period of an exacerbation, and even after it, a significant reduction in the activities level is observed. Moreover, approximately 25% of the patients who suffered an exacerbation do not recover their functional capacity even after three months.
In addition, although EG and NEG realized the same protocol of physiotherapy, the patients from the first presented exacerbation episodes due to a lower exercise tolerance in the baseline, with a difference between means of 77m in the 6MWT.
The exercise intolerance is a common manifestation in patients with COPD (22) , caused by multiple factors, such as respiratory, cardiovascular and muscle impairment, which may lead to dyspnoea and fatigue that limits the activities of daily living (23) .
Some authors (24, 25) suggests that exercise tolerance, assessed by a 6MWT may be a good mortality predictor, since it reflects not only the respiratory function, but also the cardiopulmonary and skeletal muscle functions. Moreover, it is related to other important outcomes in patients with COPD, such as dyspnoea (24) . Therefore, an increase in the dyspnoea, which characterize most of the exacerbation episodes, and the skeletal muscle impairment favours this intolerance (26, 27) .
Exercise training seeks to reduce the intolerance in patients with COPD, and its benefits are clear in the literature regarding in the increase in the WD in the 6MWT and in relieving of exercise intolerance (28) . Consequently, the inclusion of exercise training in the respiratory physiotherapy programs is essential. included in a physiotherapy program associated to exercise training.
Other consideration is the reduction of the functional capacity which was not recovered even with the exercise training, since the prejudice was maintained along the 12-month follow up.
